higher than that of current paddy fields 85 ± 17 Mg C ha -1 . These facts suggest the feasibility of mangrove plantations and natural regeneration as a carbon sequestration tool. The induced natural regeneration method showed high feasibility as a low cost management to enhance the rapid restoration of the mangrove ecosystem.
INTRODUCTION
At present, global warming is one of the most important issues concerning the international community. The issue focuses on the increasing accumulation of greenhouse gases, principally carbon dioxide, in the atmosphere due to emissions caused by industrial activities and deforestation (Althof f and Chandler 1999). However, forest ecosystem could help reduce greenhouse gas concentrations by absorbing carbon from the atmosphere through the process of photosynthesis and pool carbon in their ecosystem as biomass and soil organic matter. In this concept, mangrove forests have been expected to function as sinks of carbon dioxide and greenhouse gases than other forest types, by their carbon dioxide sequestration ability due to their high primar y productivity (Lugo and Snedaker 1974, Mann 1988 ) and large quantities of roots and organic matter in their substrata (Komiyama et al. 2000 , Fujimoto 2004 ).
Therefore, the estimation of mangrove forest biomass becomes an impor tant study in order to manage the degraded mangrove ecosystem. It is also an essential aspect for the study of the effects of deforestation and global carbon balance.
Mangrove communities are normally characterized by high productivity, high biomass and high litter production when compared to other terrestrial plant communities (Lugo and Snedaker 1974, Mann 1982) . The biomass of mangrove forests have been studied by many researchers by using allometric relationships based on the data from har vested sample trees. It is minimal destructive method and preferred for all trees and the biomass estimation of a forest ecosystem. However, such conventional allometric equations differ between tree species and regions. It means they can be applicable for specific tree species in specific location. Komiyama et al. (2002) reported that trunk weight solely depends on the trunk volume and its specific gravity (ρ). They analyzed species specific allometric relationships based on (ρ), with the aim of establishing a common equation for estimating the stem weight of mangroves. They again established common allometric relationships for the weight of mangrove trees growing both in primary and secondary stands, based on the pipe model theory and ABSTRACT Above and below ground biomass was studied in six years old mangrove plantations of Avicenia marina (Am), Avicenia officinalis (Ao) and Sonneratia apetala (Sa) and a naturally regenerated stand under regeneration improving felling operation (NR: consists of Ceriops decandra, Bruguiera sexangula, and Aegicerus corniculatum) protected for seven years since 2000. Common allometric equations were developed for biomass estimation by performing regressions between dry weights of trees as dependent variables and biometric parameters such as stem diameter, height and wood density as independent variables. The above and below ground biomass in NR (70 Mg ha -1 and 104 Mg ha
) was the greatest (P < 0.001), and followed by (Lahiri 1996) . Due to increasing population, the over logging areas were cleaned, burned and transformed into paddy fields, settlement, fish and shrimp ponds and salt production. Paddy production was good in the beginning of 6 to 7 years. However, the production finally goes down because of the salt and acid sulphate intrusion from below. When the production was not justified economically, they abandoned the area and then shifted to the new forest areas and repeated the same process. In the meantime, these abandoned paddy fields are transforming into unproductive wastelands with s e d g e a n d u n d e s i r a b l e s p e c i e s . T h e r e f o r e , t h e deforestation and degradation of mangrove forest in the The estimation of mangrove forest biomass becomes an impor tant study in order to manage the degraded mangrove ecosystem. It is also an essential aspect of study of the effects of deforestation and carbon stocks and carbon sequestration on the global carbon balance.
The biomass of mangrove forests has been studied for the past 20 years (Clough and Scott 1989 , Clough et al. 1997 , Komiyama et al. 1988 , 2000 , 2002 , 2005 , Ong et al. 1995 , 2004 , Tamai et al. 1986 ) by using allometric relationships based on the data from harvested sample trees. It is minimal destructive method and preferred for all trees and the biomass estimation of a forest ecosystem.
Moreover, it is also laborious to weigh a number of trees for establishing a series of allometric relationships for all tree species and locations. Therefore, it is necessary to identify a common allometric relationship which can be applicable for different tree species in a forest ecosystem. Komiyama et al. (2002) 
MATERIALS AND METHODS
The study was conducted in three mangrove plantations 
Biomass measurement
Two sample trees for each plantation species and one sample tree per species in NR were harvested from the outside of the census plots to evaluate the applicability of crushing into powder it was subjected to CN analysis using JM1000 CN (J-Science Group).
Development of common allometric equation
The common allometry of Komiyama et al. (2005) poorly predicted the aboveground weight of sample trees in this study; especially for trees over 20 kg weight (Fig. 2) . Three 100 cc soil samples were taken from 0-5 cm, 5-10 cm, 20 cm, 30 cm, 60 cm, 80 cm, and 100 cm soil depth in each pit. Soil samples were then separated from roots and other plant fragments and charcoal and then air dried and powdered before assay. The samples were sieved to < 2 mm, then homogenized and split into a smaller sub sample and handpicked carefully to remove fine roots.
The sub samples of the soil samples were then oven dried again and after crushing into powder was subjected to CN analysis as the plant materials.
RESULTS

Stand structure
The stand density of three plantations was 2,938 ha -1 in Ao; 2,889 ha -1 in Am and 2,592 ha -1 in Sa respectively ( 
Common allometric equation
The value of ρ was 0.515 ± 0.021 (×10 3 kg m -3 ) for
Avicenia officinalis, 0.556 ± 0.015 for Avicenia marina, 0.474 ± 0.042 for Sonneratia apetala, 0.660 ± 0.011 for Ceriops decandra, 0.531 ± 0.010 for Bruguiera sexangula and 0.513± 0.011 for Aegicerus corniculatum, respectively. Fig. 3) . The regression constants (a and 
The r egr ession analysis for lnW/1000ρ was s a t i s f a c t o r y p e r f o r m e d w i t h h i g h c o e f f i c i e n t determination (
Above and belowground biomass
The above and belowground biomass in the plots are listed in (Table 3 ). The biomass in NR stand (70 and 104
Mg ha -1 ) was the greatest (P < 0.001), and followed by Sa Mangroves usually cope with the stresses of high water tables, salty soils (Havanond and Maxwell, 1996) , and anoxic conditions. Moreover, the huge amount of root biomass could be attributable to the habit that mangroves grow on the swampy substratum. In order to hold themselves in such swampy condition, mangroves produce large amount of roots to a wider and deeper extent. It was obser ved that the top/ root ratios in the studied plots were 0.8 for Avicennia officinalis (Ao), 0.9
for Avicennia marina (Am), 2.1 for Sonneratia apetala (Sa) and 0.7 for NR stand. Komiyama et al 1988 reported the top/root of Sonnetria is 4.4, 2.3 to 3.5 for Bruguiera, and 1.5 to 1.9 for Rhizophorea forests and 1.05 for Ceriops tagal forest respectively. The top/root ratios of Avicennia forest was 0.7 to 1 (Briggs 1997) . The large amount of biomass was allocated in the underground root system of mangrove forests and they showed low top/root ratio than other type of forests. The top/root ratios of temperate forests ranged from 2.68 to 3.70 (Ovington 1957 , Basker ville 1966 , Yamada and Shidei 1972 , Yamakura et al. 1972 , Karizumi 1974 . In the tropical inland forests, the top/root ratio ranged from 5.10 to 10.68 (Ogawa et al. 1965 , Hozumi et al. 1969 , Klinge 1973 , Stark and Sprat 1977 . 
Carbon sequestration in vegetation
The carbon percentage in stem (including bark) is 45% ± 1.4, branch (including bark) is 44% ± 2.0, leaf is 46% ± 1.1 and root (including bark) is 38% ± 1.1. It was found that the carbon percentage in root was smaller than that of other organs. By using the carbon percentage of each organ, the amount of total carbon stock in the biomass of each organ was calculated. Table 4 shows the above and belowground carbon stock in the biomass of three plantations and a natural regeneration forest. The total carbon stock in biomass was 73 Mg C ha -1 in NR stand, 43
Mg C ha -1 in Sa plantation, 23 Mg C ha -1 in Am plantation and 21 Mg C ha -1 in Ao plantation respectively (Table 4) .
Soil carbon
The average cumulative carbon up to 100 cm depth in plantation was found to be 167 ± 58 Mg C ha -1 and in paddy soil 85 ± 17 Mg C ha -1 respectively (Fig. 4) . Soil carbon in plantation was nearly two times higher than those of paddy field. Assuming that the start point of soil before plantation establishment was same level as in the current paddy field, soil carbon increased by 82 Mg C ha -1 during 6 years. It corresponds to the mean annual soil carbon increment of 13.7 Mg ha -1 yr -1 . Therefore, a large gain of soil carbon stock was obser ved from the conversion of paddy field to mangrove plantations.
DISCUSSION
Growth performance
This study successfully provided the reliable five common allometric equations for six mangrove species based on specific gravity of stem. It was observed that biomass in natural regeneration forest was higher than those in three plantations even tree size was smaller in the NR stand than in the other plantations. It can be one of the options of low cost management to enhance the rapid restoration of degraded mangrove ecosystem by the improvement felling operation. It was observed that Sonneratia apetala was growing faster in plantation sites compared with the other species. It showed the best performance among three plantation species even higher mortality. As the primary purpose of plantation establishment in the area was to provide firewood, wood for pole and post for local demand, fast growing species like Sonneratia apetala should be introduced. Sonneratia apetala is the feasible species in the study area. From the viewpoint of carbon sequestration, the examined stands can be ef fective carbon pool.
Biomass and primar y pr oduction in tr opical mangrove forests are large in comparison with those in many other plant communities (Golley et al. 1962 , Golley et al. 1969 , Miller 1976 . Estimates of mangrove biomass are usually restricted to aboveground structures and in many cases, only include the timber that can be harvested forest is also related to the species composition, community structure, growth forms and the age of the plant community.
Soil carbon
This study investigated that the average total soil carbon stock up to 1 m soil depth in plantation site was estimated to be 167± 58 Mg C ha -1 which is nearly two times higher than that of paddy field 85 ±17 Mg C ha Carbon stock in the soil of plantations in this study was observed to be lower than their study. However, the age of the plantations in this study is still young and the forests are expected to increase their biomass and soil carbon stock along with aging of the trees. The observed rate of carbon sequestration to the soil was high as 13.7
Mg ha -1 yr -1
. It might be caused by the high productivity of root production and slow decomposition of organic matter in anaerobic condition of mangrove soil (Komiyama et al., 1988) . This study also proofs that reforestation of agricultural land to forest plantations can enhance soil carbon stock; a large gain of soil organic carbon was observed in the conversion of paddy field to mangrove plantations. From the viewpoint of carbon sequestration, the examined stands can be effective carbon pool.
CONCLUSION
This study successfully provided the reliable five common allometric equations for stem, branch, leaf, above ground and below ground for six mangrove species based on specific gravity of stem. It was observed that biomass in natural regeneration forest was higher than those in three plantations even tree size was found smaller in the NR stand than three plantations. It is the most essential to restore the mangrove forests to their original state before it is too late. Many areas are still remaining as abandoned land and seriously degraded forests near the study village and also existing in many places in the Ayeyarwady Delta.
Rehabilitation of mangrove forests enables local supply and conservation of mangrove vegetation, but at the same time has to fulfill the demands of the local people. Natural regeneration method is the most preferable and effective where conditions for regenerations by natural means are favorable. This study showed the total biomass of NR stand was higher and the growth increment was faster than the plantations even tree size was small. Therefore, it can be one of the options of low cost management to enhance the rapid restoration of degraded mangrove ecosystem in the Ayeyarwady Delta.
The selection of fast growing species can have a much higher productivity than slow growing species. It was observed that Sonneratia apetala was growing faster in plantation sites compared with other species. As the primary purpose of plantation establishment in the area was to supply fuel wood, pole and post for local demand, fast growing species should be introduced. Both the plantation and natural regeneration showed high feasibility as the ecosystem for carbon sequestration.
Especially the soil carbon increment and root biomass increment are expected to be rapid and high amount of carbon could be fixed in the ecosystems. Thus the reforestation activities can contribute not only to the local 
